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Method for isolating hepatocytes 
Technical Field 

The present Invention relates generally to methods for isolating hepatocytes suitable foh the 
treatment of patients suffering from fiver disorders. The invention farther relates to hepatoses 
isolated by the methods of the invention and to methods of treating liver disorders using 
hepatocytes isolated by the methods of the Invention. 



Background Art 

Orthotopic liver transplantation is currently the optimal therapy indicated for a variety of 
dlsoiders. However, a limiting factor of liver transplantation Is the availability of donor tissue 
some instances this has led to mortality rates of approximately 10% on waiting lists for 
transplants (Gibbons, RD 6t a!., Biostatistics 4:207-222, 2003). Other factors limiting 
widespread use of liver transplantation Include expense of the procedure and the 
rejection. 
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Accoidingly, there Is a need for alternative treatments for patients suffering from . ... 
disorders, not only as an Interim measure for those patients awaiting liver transplantation, but nlso 
in patients for whom organ transplantation may be Inappropriate. 

One such alternative treatment Is hepatocyte transplantation which offers several 
advantages over whole or partial liver transplantation, including reduced cost, less Invasive surjery 
and reduced morbidity (Dhashl. K et a/., J Mol Med 79:617.630, 2001). Clinical trials .. 
demonstrated the successful use hepatocyte transplantatlbn, for example in the recovery 
patients with acute fulminant hepatic failure (Fisher, RA et a/., Transplantation 60:303-307, 
and In the treatment of Inherited liver disorders such as Criglar-Najjar syndrome (Fox, U et 
EnglJMed 338:1422-1426, 1998). 

The most limiting factor in hepatocyte transplantation is the lack of availability of a suits )!e 
source of hepatocytes. One source of hepatocytes is fivers that are rejected for transplanted >n. 
However, as a common cause of rejection of livers is steatosis, hepatocytes isolated liom these 
iivere often do not have the metabolic capabilities of norma! hepatocytes and are thus unsuitable for 
hepatocyte transplantation. Alternatively, hepatocytes may be soureed from other species. WS 
Patent No. 6,610,288 discloses the Isolation and use of porcine hepatocytes for the treatment^ 
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disorders characterised by insufficient aver function. However, a disadvantage of the us 3 of 
xenogeneic hepatocytes In humane fa the potential for rejection. 

Accordingly there Is a clear need for a suitable source of hepatocytes for transplantation. 
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s Summary of the Invention 

According to a first embodiment of the present invention there is provided a methoc 
Isolating normal hepatocytes, the method comprising the steps of: 

(a) recovering liver tissue from a patient during a hepatectomy; and 

(b) isolating normal hepatocytes from unwanted cells present in the recovered tissue 
to magnetic separation. . 

Typically the hepatectomy Is performed to resect a liver, or a portion thereof, containing 
benign or malignant tumour. Accordingly, the unwanted cells are typically tumour cells. Typically 
the method also Includes the step of removing macroscopic evidence of the tumour-affected Hs sue 
from the recovered liver tissue prior to magnetic separation of toe cells. 

is • Magnetic separation of cells may be achieved using superparamagnetic colloids coated \jrith 
an antibody. Typically the antibody is a monoclonal antibody which specifically recognlseslan 
epitope on toe surface of either the normal hepatocytes or the unwanted cells. 

According to a second embodiment of toe present Invention there la provided nonnal 
hepatocytes isolated according to toe method of the firat embodiment 

so Hepatocytes isolated according the methods of the present invention are typically used in 

hepatocyte transplantation In a patient suffering from a liver disorder. The liver disorder may be 
selected from the group consisting of: Crigler-Najar Syndrome; Gilbert's Syndrome; Dubin Johnson 
Syndrome; familial hypercholesterolemia; ornithine transcarbamoylase deficiency; heredfciry 
emphysema; haemophilia; viral hepatitis; hepatocellular carcinoma; acute liver Failure; and chronic 

as liver failure. 

Accordingly, In a third embodiment of the present Invention there Is provided a method i or 
treating a liver disorder in a patient, toe method comprising administering to toe patient nom al 
hepatocytes Isolated according to the method of toe first embodiment in an amount and for a tin )e 
sufficient to treat the liver disorder. 



Hepatocytes isolated according toe methods of the present Invention may also be used 
artificial liver support systems. 
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Typically far Ihe purposes of the above embodiments the patient Is human. 

According to a fourth embodiment of the present invention there Is provided the uss of 
resected liver tissue recovered during a hepatectomy for the Isolation of normal hepatoqtes, 
wherein the normal hepatocytes are isolated from unwanted cells in the resected tissue by 
magnetic separation. 



Typically hepatocytes isolated according the methods of the present Invention 
cryopreserved. 
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Definitions 

io The term "normal hepatocytes* as used herein means hepatocytes that, when isolated, retain 
the ability to perform the normal cellular functions and activities of hepatocytes in situ and as e ich 
are suitable for transplantation Into a patient in need of hepatocyte transplantation. ;feo 
contemplated within the scope of the term "normal hepatocytes" are hepatocytes which have boen 
modified, for example modified so as to modulate the expression of a particular gene product, but 

15 which nonetheless substantially retain the ability to perform the normal cellular functions ltd 
activities of hepatocytes in situ. 

The term "Isolated" as used herein In the context of hepatocytes means hepatocytes t lat 
have been substantially separated from the natural environment and from neighbouring rnd 
surrounding cells. The term "isolated" does not refer to hepatocytes present In a tissue section or 
w cultured as part of a tissue section. 

The term liver dlsordei" as used herein means a disorder or condition characterised by 
abnormal hepatic function, such as insufficient metabolic activity of the liver, or any dlsonler 
associated with hepatic failure, (he symptoms of which may be alleviated or reduced by hepatocyte 
transplantation. Accordingly, the term "treat" as used herein includes alleviating or reducing at lei ist 
as one symptom of a liver disorder. 

In the context of this specification, the term "comprising" means "including principally, but rot 
necessarily solely". Furthermore, variations of the word "comprising", such as -comprise" ajid 
"comprises", have correspondingly varied meanings. 
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Hepatocytes isolated according to methods of the present Invention may be cryopreser ted 
for example In liquid nitrogen. Media and buffers for ^preservation are known to those of ak II In 
the art and typically Include suable concentrations of at least one (^protectant such as on SO 
or FBS. One preferred ^preservation buffer Is RPMI 1640. A number of cryopresenilon 
pretocols have been developed to maximtee the vlabifity of stored hepatocytes during and titer 
conservation. For example, suitable methods for ^preservation of hepatocytes are 
described in US 6,136,525 (Mullon et *) and Hengstler si a,. { Dmg Metabolism Kevfews 32 81- 
18, 2000). the disclosures of which are incorporated herein by reference. Cryopreservatlo,, of 
Isolated hepatocytes facilitates the development of a reliable, ongoing source of hepatocytes for 
hepatocyte transplantation as needed. In this regard, following isolation, hepatocytes may be 
labelled appropriately with information detailing donor details, including blood group, date of birth of 
donor, date of Over resection, reasons for resection. Isolation procedure, number of ceils f ro2Bn , 
and percent viability of hepatocytes at the time of ^preservation. 

Treatment of liver dis ordere 

Hepatocytes isolated acconJing to methods of the present invention are suitable rr 
numerous purposes. Isolated hepatocytes may be used, for example, in the production of artlfi Hal 
Uver suppcrtsyetems and devices tocompensate for toss of liver function inapatient Addition^ 
^ 8CCOrdin9 10 ** PreSen! fnVenBon are UMd hepatec^ 
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esters such as isopropyl palmltate, Isopropyl myristate or ethyl oleate; polyvinylpyrridone; ajar; 
carrageenan; gum tragacanth or gum acada, and petroleum jelly. 

Hepatocytes may also be administered in combination with one or more other agents. For 
example it may be desirable to administer hepatocytas In conjunction with agents to enhance 
engraftment of the hepatocytes, for example hepatocyte growth factor, or other agents for tea Jng 
liver disorders such as chemotherapeutlc agents or antiviral agents, depending on the nature L 
seventy of the liver disorder being treated. It may also be desirable to administer one or mt>re 
Immunosuppressive agent In combination with the hepatocytes to minimise the risk of eliciting an 
adverse Immune reaction. A variety of suitable immunosuppressive agents are known to those 
skilled in the art. r 
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For such combination therapies, each component of the combination therapy may be 
adm.nisterad at the same time, or sequentially in any order, or at different times, so as to prov de 
the desired therapeutic effect. It may be preferred for the components to be administered by he 
same route of administration, although It Is not necessary for this to be so. 

It will also be appreciated by those skilled In the art that isolated normal hepatocytes may be 
modrfied as necessary prior to their use In hepatocyte transplantation. Depending on the nature of 
the liver disorder to be treated by hepatocyte transplantation it may be desirable to increase or 
decrease the expression of particular gene products In the hepatocytes to be administere d 
Hepatocytes may be modified to alter the expression levels of specific gene products in the eels 
for example by introducing Into the hepatocytes a suitable agent, such as a transcription facer" 
capable of Inducing the expression of a desired gene. Alternatively, or In addition, the hepatocyt * 
may be modified so as to express a gene product which Is otherwise not expressed In unmodifi, * 
hepatocytes. Nucelotide sequences encoding the desired agent or product may be introduced Ir to 
isolated hepatocytes by a variety of routine recombinant DMA techniques known to those skilled In 
the aftand may be introduced in a variety of forms, including as naked DNA, in viral vectore (w * 
as adenoviral vefcors) or in defective retroviruses. 

^r** T*" W,D TOW te ,n 9reater dete » b * «*"» «° tie 
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Examples 

Example 1r Harvesting hepatocytes following liver resection 

Five patients who underwent liver resection for fiver metastases had their hepatocL 



harvested. Mm the location of metastases In these patients and the resections performed' 
s detailed in Table 1. 
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Table 1: Details of 


liver resections 


Patient 

feex) 


Primary 
carcinoma* 


Date of liver 
resection 


Segment 
resected 


Tumour size 
(cm> 


1(F) 


CRC2-Mar01 


April 2003 


4 


4x3x2 


2(M) 


CRC-NovOO 


May 2002. 


2.3 & 4 

_(harvestinq2+3) 


4x4x2 


3fF) 


CRC-NovOO 


April 2002 


2,3 


2x2x1.5 


4(M) 


CRC-Apr01 


May 2002 


2,3 * 7 

_tnarve8tina 2+3) 


2x2.5x2 
4.5x2.7x2 


5(M) 


Pancreatic 
Cancer. -Apr 
01 


May 2002 


5,6 


2X2X1 
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then collected and filtered through a 420ym pore eteel mesh and washed three times by 
centrifugatlon at 50 x g for 5 minutes at 4°C, Hepatocyte yield and viability was assessed u ting 
Trypan blue dye (see Table 2). (preservation of hepatocytes was performed In liquid nltrofaen 
after adding 1 0% DMSO in tissue culture media 

Table 2; Number and viability of hepatocytes/gram of liver 



Patient 


Liver weight fo) 


No. of cells 


Viability 


Cells/g 


Viable cell 


5/8 


1 


338 


5x108 


20% 


15 000 


3000 




2 


73 -I 


40x109 


80% 


550 000 


330 000 




3 


298 


100x105 


60% 


340000 


204000 




4 


395 


300x109 


65% 


760000 


494000 




5 


250 


300x10« 


72% 


1200 000 


864000 
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Example 2: Isolation of tumour-free hepatocytes 

Following harvesting of viable hepatocytes (Example 1) the hepatocytes are isolated film 
the associated tumour ceils. The immunomagnetic method described by Flatmark etal. (CimLl 
Cancer Research 8*44449, 2002) was used to isolate the tumour cells employng 
superparamagnetic 4.5|jm beads (Dynabeads M450; Dynal. Oslo, Norway) coated with the MOcLl 
monoclonal antibody. MOC31 recognises the Ep-CAM antigen, which is present on the surface of 
most epithelial cells and In particular is highly expressed In colorectal cancers. 

Five minion hepatocytes were mixed with one minion HT29 colorectal cell lines In 1ml of 
phosphate buffered saline (PBS). 200pl of Dynabeads M450 were suspended In 1ml of PBS a id 
20 M I of MOC31 antibody added. The suepension was incubated at 4«C for 30 minutes, follow! ,g 
which the mixture of Dynabeads coated with MOC31 was added to a tube conatlning tie 
hepatocytes plus HT29 cell mixture making the total volume up to 2mls. After 30 minuhs 
Incubation at4'C a magnet was applied b the tube to induce attachment of the tumour cells b (he 
Dynabeads thereby allowing the removal of the tumour cells from the cell mixbre. CEA 
(cancinoemb/yonic antigen) staining was performed on the remaining collection of cells ta assels 
the efficiency of the Immunomagnetic bmour cell removal technique. Slides were preperL 
-containing cells asahown below m Table 3 and the cells exposed ta staining with antibody to CEA 
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Table 3: CEA staining of control and experiment slides 



Cells 


CEA staining 




10« HT29 cells 


100% of ceils CEA stained 




1Q a hepatocytes 


No cells stained with CEA 




5 x 10« hepatocytes + 10* HT29 cells. No 
Dynabead filtration 


CEA staining demonstrated hepatocytB to H' 
,rafloof6:1 




5 x 106 hepatocytes + W HT29 cells after 
Dynabead filtration 


CEA Staining demonstrated hepatocyte to HI 
ratio reduced from 5:1 to 20:1 


L 29 



16 



COMS ID No: SMBM)042369a Received by IP Australia: Time (H:m) 17:21 Date (Y-M-d) 2003-09-19 



The CEA staining of control slides (containing only hepatocytes or HT29 ceils) result* 
100% of the HT29 cells staining for CEA but no staining of hepatocytes. In the slide containln 3 <, 
mixture of hepatocytes and HT29 cells where no Dynabead filtration was applied, CEA staling 
demonstrated a hepatocyte to HT29 ratio of 5:1 (exactly the ratk) of hepatocytes to HT29 cMIs 
provided In the mixture), m the slide containing a mixture of hepatocytes and HT29 cells that v fas 
exposed to Dynabead filtration, the hepatocyte:HT29 ratio was reduced from 5:1 to 20:1. Hejce 
75% of tormur celfe vrere lemoved by one eplwd^ ^ 
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